The objectives of dialysis in the management of acute renal failure include both correction and prevention of various electrolyte disorders and removal of nitrogenous products responsible for the uremic syndrome.
In the past, gastric lavage has failed as a method of dialysis because of uncontrollable electrolyte transfers and loss of large amounts of dialysis fluid to the patient. The use of a cellophane bag, suggested originally by Schloerb (1, 2) , has solved these problems and has made gastrodialysis technically possible. The theoretical advantage of a method of continuous dialysis as compared with intermittent dialysis offers great appeal in that it might be possible to obviate the major fluctuations in the uremic state inherent in intermittent dialysis. Further, if continuous dialysis were sufficiently effective in removing metabolic wastes, as well as in correcting electrolyte abnormalities, it might be possible to avoid the costly, time-consuming, highly technical procedure of hemodialysis or significantly decrease the number of hemodialyses necessary to sustain the patient through a period of renal failure.
The present study was undertaken to evaluate the use of dialysis of the stomach as an adjunct in management of patients with acute renal failure. This paper describes a technique of gastrodialysis and the evaluation of this procedure in the treatment of twelve adults and two children.
THE TECHNIQUE OF GASTRODIALYSIS
Gastrodialysis is carried out through a cellophane bag which is tied to the end of a nasogastric tube and swal-* Presented at the meeting of the American Federation for Clinical Research, Atlantic City, N. J., May, 1958. t Supported by Abbott Laboratories; the National Institutes of Health, Grant 6767; The Schweppe Foundation; the Washington State Heart Association; and the Washington State Fund for Biology and Medicine.
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lowed. Construction of a bag from a flat sheet of cellophane is shown in Figure 1 . Although any no. 14 French plastic gastric tube may be used, we prefer, because it is stiff when cold, a no. 14 French Bardic tube.' This tube is cut about 6 inches from the end which is to be inserted. A one inch length of glass tubing that will fit tightly inside the plastic tubing is used to rejoin the two pieces of tubing (Figure la ). This joint is wrapped tightly with surgical silk. The tip is cut off a small rubber balloon; the balloon is then slipped over the joint (Figure lb) . A cellophane bag is made from a 24 by 25 inch sheet of plain, non-waterproof cellophane (PT 300) 2 by wetting the sheet and gathering all the edges around the plastic tube. The cellophane bag is tied over the glass joint and rubber with a single, firm tie which is placed near the end of the glass tube away from the bag (Figure ic) . The edges of cellophane are cut close to the single tie (Figure ic ) and the rubber folded over the top of the cellophane bag. Two more ties are placed (Figure id) . The rubber is then folded back over these last ties to protect the esophagus from abrasion (not shown in Figure 1 ). The final volume of bags made in this manner will be 1,000 to 1,200 ml. The larger bags provide more surface area for dialysis.
Insertion of the bag into the stomach is accomplished using a technique similar to that used in passing a stomach tube. Because the bag is bulky, it is necessary to pass the tube through the mouth. It is advisable to anesthetize the pharynx. Anethesia is accomplished with 0.25 per cent pontocaine or 5 per cent Cyclaine in a spray atomizer. Care is taken not to anesthetize the vocal cords. With the patient's head tilted slightly forward, the cooled bag is then pushed into the esophagus. After this maneuver the patient can swallow, permitting the bag to enter the stomach. The tube then can be threaded retrograde through the nose if desired. Once in place, the bag causes a minimum of discomfort even when full.
Dialysis fluid is placed in the bag and changed every 20 minutes thereafter. It is advisable to start with a 200 to 300 ml cycle which is then gradually increased to 600 to 800 ml over a period of a few hours. This procedure permits the patient to become accustomed to the 1 Manufactured as item No. 1005 by C. R. Bard, Summit, N. J. 2 A thinner cellophane is manufactured by J. P. Bemberg Co., Wuppertal-Barmer, Germany. This cellophane is less bulky and appears to permit more efficient dialysis.
HCO3. Nonprotein nitrogen in the dialysate was determined using a modified micro-Kjeldahl method (3) and subsequent Nesslerization (4) . Nonprotein nitrogen in blood and urine was determined by the Nesslerization method (4). Sodium and potassium were determined by Baird flame photometry using an internal standard. iOIS Chloride (5), bicarbonate (6) , and titratable acid (7) were performed by titration methods. Glucose analysis in the dialysate was performed by vacuo-drying (8) with correction for other salts. Blood-glucose was measured by the method of Benedict (9) . Water transfer was de--___ -termined by the total change of weight of dialysate in patients in whom there was no significant sodium transfer. early in the course of renal failure. Gastrodialysis will prevent serious hyperkalemia unless there is marked catabolic activity. Correction of acidosis helps ameliorate the problem of hyperkalemia since increasing pH is associated with lowering of the serum potassium level (10). Water removal. The term water removal is used to connote the transfer of water free of electrolyte. Data were obtained at dialysate sodium concentrations of 50 mEq per L. Thus, since sodium transfer at this concentration was near zero, increase in the weight of the dialysate reflected removal of solute free water from the patient.
Transfer of water was controlled by the regulation of the concentration of dextrose in the dialysate. In virtually all patients, dialysis was performed using 20 per cent dextrose. The use of 40 per cent dextrose in two patients resulted in water removal of up to 1,000 ml in 24 hours. Water transfer data using 20 per cent N dextrose were obtained in six patients. In these, the duration of dialysis averaged 82 hours with mean cycle volumes of 270 ml. Water removal ranged from zero to 600 ml per 24 hours, the mean removal was 200 ml per 24 hours. As long as the dialysate concentration was hyperosmolal, there were no instances of water absorption by the patient. Thus, in patients in whom it was desirable to have a negative free water balance, the total of sensible, insensible, urinary and dialytic losses permitted a negative balance of 1 to 3 L per 24 hours.
Glucose administration. Glucose transfer at a 20 per cent concentration was studied in six patients dialyzed a mean of 45 hours and a mean cycle volume of 390 ml. The transfer to the patient ranged from 26 to 452 g per 24 hours with a mean of 150 g per 24 hours. If 40 per cent glucose was used, the mean addition to two patients studied was 450 g per 24 hours. In most patients, slightly elevated blood glucose concentrations were maintained. In one patient the blood glucose concentration rose to slightly more than 1,000 mg per 100 ml.
Nonprotein nitrogen removal. Nonprotein nitrogen removal was used as an index of the removal of substances responsible for the uremic syndrome. In eight patients studied at a mean cycle volume of 270 ml for a mean of 99 hours each, nonprotein nitrogen removal ranged from 0.6 to 2.5 g per 24 hours. The mean was 2.0 g per 24 hours (Table III) .
In six patients studied at a mean cycle volume of 530 ml for a mean duration of 34 hours, the nonprotein nitrogen removal ranged from 1.1 to 5.6 g per 24 hours with a mean of 3.0 g per 24 hours.
An additional variable affecting nitrogen removal appears to be the body concentration of nitrogen. Figure 3 
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concentrations of urea nitrogen. It can be seen that not only does nitrogen yield increase as cycle volume increases, but also as the blood urea nitrogen increases.
The use of a small number of patients to evaluate the efficacy of gastrodialysis in the prevention of the uremic syndrome is fraught with hazard. The individual variation in the course of the disease is too great to permit definite conclusions. The blood urea nitrogen (BUN) was stabilized in several patients, and it appeared that gastrodialysis delayed or prevented the development of the uremic syndrome. In 7 of 14 patients with mean urinary nitrogen excretions of 1.8 g per day, gastrodialysis stabilized a previously rapidly rising blood urea nitrogen for a mean period of 7 days. The stabilization was associated with a maintenance of a uremia-free clinical state. In two of these patients the onset of diuresis led to premature discontinuance of gastrodialysis. In both there was a prompt rise in BUN and the rapid development of uremic symptoms requiring hemodialysis. The following cases selected from the 14 studied provide the best evidence that gastrodialysis may have helped to delay or prevent the symptoms of uremia. by gastrodialysis, by gastric suction, and through the urine, and its effect on his serum nonprotein nitrogen (NPN). The sudden rise in the NPN from Day 8 to Day 9 was believed to be due to a 9 L decrease in the size of his extracellular space effected by gastrodialysis plus gastric suction. On Day 11 the patient began to show signs of the uremic syndrome manifested by mental confusion, restlessness and irritability. These signs did not progress. On Day 14 a diuresis began, and he made an uneventful recovery. In this patient, gastrodialysis plus gastric suction removed over 2 g of nitrogen per day and it was associated with a plateau effect on his rising NPN. Also, in addition to removing 15 pounds of extracellular fluid, his serum bicarbonate was maintained at 27 to 30 mEq per L. Potassium excess was never a problem, and sufficient calories were administered to make intravenous feeding unnecessary. It was felt that hemodialysis was averted by gastrodialysis.
Case 2. A 42 year old man developed acute renal failure following exposure to carbon tetrachloride. He was subjected to gastrodialysis continuously from the third to the seventeenth day of oliguria. During this period his urine volume averaged less than 100 ml per day. Potassium removal averaged 21 mEq per day. The patient absorbed 100 to 500 g of glucose per day, the concentration in the bath being 10 On the following day, because of increasing mental confusion, hemodialysis was carried out with clinical improvement. Gastrodialysis was continued over the next 6 days, and the BUN rose slowly to 144 mg per 100 ml. At this time a urine volume of 500 ml per day was attained, so gastrodialysis was discontinued. However, despite urine volumes averaging 2,700 ml per day, the BUN climbed rapidly over the next 4 days reaching 296 mg per 100 ml. Again, because of symptoms of the uremic syndrome, another hemodialysis was performed. Following this he made a rapid uneventful recovery. The rapid deterioration prior to the second hemodialysis was associated with no event or change in the patient's condition other than discontinuance of gastrodialysis. It seems likely that the second hemodialysis could have been averted had gastrodialysis been continued further into the diuretic period. Case 3. A 3 year old boy developed acute renal failure following an intramuscular inj ection of bismuth. He was gastrodialyzed for 9 days from the sixth to the fifteenth day of oliguria. During this period his urine volume did not exceed 100 ml per day. His BUN was maintained at 100 mg per 100 ml. On the eighth day of gastrodialysis catabolism increased because of the devel-658 opment of bilateral bronchopneumonia. Gastrodialysis was no longer able to handle the increased nitrogen load, and his BUN rose rapidly. A replacement transfusion was carried out on the sixteenth day of oliguria with good results. The patient, however, succumbed to a progressive pneumonia at a time when his urine volume had reached 400 ml per day and recovery from the renal lesion seemed likely. In this patient gastrodialysis seemed effective in controlling his uremia until catabolism increased secondary to the pneumonia.
COMPLICATIONS
Gastrodialysis was performed in 14 patients studied a total of 65 days. The procedure was generally well tolerated. Complications were infrequent and not of major consequence. One patient developed precordial and epigastric pain considered to be regurgitant esophagitis; this was not a serious problem.
One patient with advanced uremia developed hematemesis following which the cellophane bag was immediately removed and no further bleeding occurred. Postmortem examination performed 2 days later (and also in 6 other patients, each of whom had been subjected to gastrodialysis for many days) revealed no significant pathology in the esophagus or stomach that could be attributed to the procedure.
Two confused patients, while attempting to remove the gastric tube, pulled the cellophane bag off the end of the tube. In neither instance did this result in complication.
One patient developed atelectasis and pneumonitis. It could not be ascertained that gastrodialysis contributed, although this possibility exists.
DISCUSSION
In the management of patients with acute renal failure, the magnitude of electrolyte transfer by gastrodialysis is adequate to manipulate body water (osmolality), extracellular volume, and acidbase status. In general, the serum sodium is used as a guide to regulation of osmolality and, therefore, water requirements (11) . Water lossessensible, insensible, renal, and to the dialysate-if allowed to go unreplaced, will be accompanied by elevation in the serum sodium concentration. If no alteration of osmolality is desired, it may be necessary to give water to the patient or to decrease the glucose concentration in the dialysate. Since most patients at the outset were hyponatremic, this was rarely necessary.
The extracellular volume was used to determine the need for sodium removal (11) Therefore, his extracellular volume was increased above normal by 2.6 L, plus an amount equal to the weight lost from catabolism. The calculation permits the conclusion that the patient was not saline-depleted and, unless catabolism had been marked, excludes significant saline excess.
In two patients removal of sodium and water by gastrodialysis reduced extracellular volume below normal as judged from decrease in body weight. This was associated with a prompt reversible decrease in urine volume.
If patients were severely acidotic at the outset, 100 mEq per L of sodium bicarbonate was added to the dialysate. Under these circumstances, in 24 hours the patient gained approximately 100 mEq of bicarbonate and lost approximately 100 mEq of hydrogen ions. This was associated with prompt repair of acidosis. After correction, the removal of approximately 100 mEq per 24 hours of hydrogen ions was adequate to prevent recurrence of acidosis.
Potassium removal was adequate to avert hyperkalemia in most patients. However, removal of 25 mEq per day in patients with major catabolic loads associated with infection or injured tissue would prove inadequate to prevent potassium accumulation and hyperkalemia.
The wide variation in transfers, especially hydrogen ion transfers, might suggest that it would be difficult to arrive at the correct composition of dialysis fluid for a given patient. Actually, this is not true. A dialysis fluid containing 50 mEq per L NaCl and 20 per cent dextrose would result in near zero net transfer of sodium. Water removal would average 200 ml per 24 hours, thus the increase in serum sodium concentration would depend largely upon the magnitude of sensible, insensible, and urinary losses of free water. Hydrogen ion removal would vary with gastric acid production, often being small in the elderly patient. This loss would, in general, be approximately equal to the rate of H+ production secondary to catabolism. Any alkalosis would be easily detected by measurement of the serum bicarbonafe and readily corrected by addition of acid to the dialysate. Potassium removal would be small in magnitude and hypokalemia unlikely to result. Even more important is the fact that once the general range of transfers was established for any given patient, the range of variation was small. Sudden, unexpected transfers were not encountered.
It is our impression that gastrodialysis was beneficial in delaying the onset of the uremic syndrome. In three patients with urine volumes of less than 300 ml per 24 hours, gastrodialysis was continued for five, seven and ten days, respectively. None required hemodialysis. It seems likely that the clinical course was better than could be expected with conservative management alone.
In one patient, severely injured and with a large catabolic load, gastrodialysis was ineffectual in both potassium removal and in prevention of uremia.
Recently we have undertaken prophylactic hemodialysis in the management of patients with acute renal failure (12, 13) . The goal is to prevent any manifestation of the uremic syndrome and thus provide the patient with optimal opportunity to recover from his basic illness. Preliminary experience with prophylactic hemodialysis has been encouraging. If this approach proves sound, gastrodialysis would be effectual only in those patients who had no increase in catabolism secondary to the basic disease process, i.e., infection or trauma. Unfortunately, this group is a small minority of all cases of acute renal failure.
SUMMARY AND CONCLUSIONS
A technique of gastrodialysis has been described that is safe, practical, and without serious complications.
Although probably the least efficient of present-day methods of dialysis, gastrodialysis has proven useful in the treatment of certain aspects of acute renal failure. Gastrodialysis is satisfactory as a means of regulation of osmolality, extracellular volume, and acid-base status. Dextrose can be given by the alimentary route and without administration of water.
The removal of nitrogen and potassium does not compare favorably with extracorporeal dialysis. However, in patients without a large catabolic load, gastrodialysis appears adequate to prevent hyperkalemia and to avoid or decrease the number of hemodialyses required.
Gastrodialysis, to be effective, must be begun early and continued throughout the course of acute renal failure. Hemodialysis should also be available in case the patient cannot be maintained by means of gastrodialysis.
